The isolation of a unique enzyme capable of oxidizing indoleacetic acid, but devoid of peroxidase activity, has been reported for preparations from tobacco roots and commercial horseradish peroxidase. Experiments were made to verify these results using enzyme obtained from Betula leaves and commercial horseradish peroxidase. Both indoleacetic acid oxidase and guaiacol peroxidase activity appeared at 2.5 elution volumes from sulfoethyl-Sephadex. These results were obtained with both sources of enzyme. In no case was a separate peak of indoleacetic acid oxidase activity obtained at 5.4 elution volumes as reported for the tobacco enzyme using the same chromatographic system. Both types of activity, from both sources of enzyme, also eluted together during gel filtration. Successful column chromatography of Betula enzyme was dependent upon previous purification by membrane ultrafiltration. These results indicate indoleacetic acid oxidase activity and guaiacol peroxidase activity are dual catalytic functions of a single enzyme.
The molecular "residence" of IAA oxidase activity is not known precisely. And this imprecision in our knowledge about IAA oxidase activity is a hindrance toward further understanding about the regulation of IAA levels in living plants.
Up to now, three hypotheses, with varying amounts of substantiating evidence, have been reported in the scientific literature. The first considers that the two types of activity (i.e., IAA oxidase and peroxidase) are present on separable and distinct enzymes; the second considers that the two types of activity are resident on one enzyme (peroxidase) but with two active centers; and the third calls attention to the fact of peroxidase isoenzymes where one member of the family of isoenzymes may be the primary residence of IAA activity. These are examined briefly.
The idea of separate enzymes was reported by Sequeira and Mineo (8) . They had noted that fresh preparations (tobacco roots) lost IAA oxidase activity after several weeks in storage, whereas peroxidase activity was unchanged. Further, they found that thermal inactivation points and pH optima were different. Attempts to separate the two types of activity on columns of silica gel, carboxymethyl cellulose, diethylaminoethyl cellulose, and diethylaminoethyl Sephadex failed, but with SE'-Sephadex and 0.1 M eluting buffer they reported a Service, United States Department of Agriculture, Durham, major IAA oxidase peak (at 5.4 elution volumes) with little or no peroxidase activity from both tobacco root extracts and commercial HRPO.
The belief that both types of activity reside with one enzyme (i.e., peroxidase) is more widely held. Evidence offered in support of this belief is mainly that both types of enzyme activity remain together through various stages of purification (7, 10) , and also there is evidence that thermal inactivation is the same for both (7) . The work of Siegel and Galston (9) Membrane Ultrafiltration. Routinely, 50 ml of crude extract, treated with polyvinylpyrrolidone, were added to an Amicon (Amicon Corp., Lexington, Mass.) ultrafiltration cell above an XM-IOOA membrane (retains molecules above 100,000 mol wt). Filtration was carried out under pressure (18 p.s.i. N2) with magnetic stirring. Filtrate was collected in 10-ml fractions (ice bath) at a flow rate of 1 ml/ 10 min. Cold extracting buffer was used to replenish liquid volume in the ultrafilter cell as filtration proceeded.
The XM-1OOA filtrate fractions were concentrated on a UM-10 membrane (retains molecules above 10,000 mol wt) under 40 p.s.i. N2 at a flow rate of 1 ml/5 min. The retained fraction from this second ultrafiltration was used for further purification.
Column Chromatography. Gel filtration with Bio-Gel P-100 (100-200 mesh) was carried out in the cold (4 C) in columns 2.5 X 28.0 cm. Flow rate was usually around 10 ml/hr, and 5-ml fractions were collected. Cold extracting buffer (50 mm acetate, pH 5.2) was used to equilibrate the gels and to elute the protein fractions.
Ion exchange chromatography on porous gel was carried out at 4 C with SE-Sephadex C-50, medium grade, packed in 2. p-coumaric acid and H202 were omitted from the reaction mixture, and enzyme plus distilled water equaled 0.8 ml. In both cases, total volume was 1.4 ml. All assays were made at 35 C. Control mixtures without enzyme were inactive.
Peroxidase Assays. Peroxidase activity was measured by change in absorbance at 470 nm. Basic composition of the reaction mixtures for Betula enzyme and HRPO consisted of: 3.8 ml of 0.2 M acetate buffer, pH 3.6; 0.2 ml of enzyme; 0.1 ml of 20 mm guaiacol; and 1 ml of 40 mm H202. Total volume was 5.1 ml. For some column chromatography experiments, the amount of enzyme was increased and the amount of buffer decreased by an equal amount to maintain the same total volume. Reactions were carried out at 35 C.
RESULTS
Initial attempts to reduce the nonenzymatic protein of crude extracts by using small pore Sephadex gels were unsuccessful. Protein was smeared across the entire elution diagram, and enzymatic activity (barely measurable) was eluted in different places in replicated trials. Both Sephadex G-25 and G-50 gave highly variable results.
It was postulated that the viscous material present in crude extracts was responsible for preventing the classical chromatographic separations that are usually possible with these gels. Consequently, a typical desalting experiment, as described by Flodin (3) , was conducted with NaCl dissolved in crude extracts. Salt and protein did not elute in well-separated peaks. Both components eluted together across the entire elution diagram.
Ultrafiltration. Gross fractionation of protein in crude extracts was finally achieved by high pressure ultrafiltration through microporous membranes. The initial filtration retained molecules greater than 100,000 mol wt (such as polyphenoloxidase and catalase) and filtered molecules of lower molecular weight. In addition, the troublesome viscous material was retained above the membrane.
IAA oxidase activity and guaiacol peroxidase activity (assumed to be around 40,000 mol wt) were both present in all filtrate fractions (Fig. 1) . The bulk of enzyme activity was collected in the first five fractions, and total filtration of activity was nearly achieved after 15 fractions; though a small amount of activity, both oxidase and peroxidase, was still measurable in the retained fraction. In the data given here (Fig. 1) and in other data (not shown), several of the filtrate fractions showed enzyme activity (oxidase and/or peroxidase) in excess of the activity measured in crude extracts before filtration. In order to measure the maximum velocity of IAA oxidase activity in these filtrate fractions, an additional 0.4 btmole H202 was required. This indicated that large quantities of phenol inhibitor were moving with the enzyme during filtration.
Both types of enzyme activity in these XM-IOOA filtrates were successfully concentrated on a UM-10 membrane, which retained all molecules above 10,000 molecular weight. Tests of the UM-10 filtrates showed that smaller size proteins were passing, but both types of enzyme activity were retained by this membrane. The concentrated enzyme had a watery consistency and a faint yellow color. Since only ?bout one-tenth the amount of this purified enzyme was needed to give the same initial velocity of IAA oxidase activity as in crude extracts, it appeared that a 10-fold increase in purification had been achieved.
Gel Filtration. The partly purified and concentrated Betula enzyme obtained with ultrafiltration was used in all column chromatography experiments. Commercially purified HRPO was also chromatographed on the same columns and in identical systems. DUAL CATALYSIS OF IAA OXIDASE Bio-Gel P-100 fractionates over the range 5,000 to 100,000 molecular weight, and is estimated (by the manufacturer) to pass molecules of 40,000 mol wt (calibrated on egg albumin) at 1.42 elution volumes. Both IAA oxidase activity and guaiacol peroxidase activity from Betula leaves appeared at approximately 1.6 elution volumes (Fig. 2) in well defined peaks. Major peaks of protein appeared before and after this point. Commercial HRPO produced major peaks of oxidase and peroxidase activity at 1.5 elution volumes (Fig. 3) . The major protein peak of HRPO eluted in the same volume as the enzyme activity.
Since each type of activity was measured by a different method and expressed in different units, it is not possible to say that any particular fraction has more or less of one particular type of activity than another. The results obtained in these experiments were quite reproducible.
ELUTION VOLUME Gel filtration of Betula enzyme on Bio-Gel P-100. The 2-ml sample applied to the column was partly purified and concentrated by membrane ultrafiltration. Column characteristics as in "Materials and Methods" except that actual flow rate was 10.2 ml/hr and an additional 0.1 ml of 4 Ion Exchange Chromatography. Betula enzyme run through a column of SE-Sephadex with 0.1 M phosphate buffer showed four protein peaks at about 1.7, 2.8, 3.2, and 5.0 elution volumes. IAA oxidase and guaiacol peroxidase were not associated with any of these protein peaks, but eluted instead at 2.5 elution volumes (main peaks) and 4.0 elution volumes (much smaller secondary peaks) (Fig. 4) . No activity of either type appeared at 5.4 elution volumes.
Commercial HRPO, run in like manner, showed a single peak of both oxidase and peroxidase activity at 2.5 elution volumes, which was also the major elution peak of protein. Again no activity of either type was found at 5.4 elution volumes (Fig. 5) . These results were reproducible for both Betula enzyme and HRPO. Plant Physiol. Vol. 50, 1972 
